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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
Gang Chen, et al. 



Group Art Unit: 1645 



Serial No.: 09/699,023 



Examiner: Ford, V. 



Filed: October 27, 2000 
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For: ISOLATION OF BINDING PROTEINS 
WITH HIGH AFFINITY TO LIGANDS 



BRIEF ON APPEAL 



Mail Stop Appeal Brief - Patents 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 



Sir: 



Appellants hereby submit an original and two copies of this Appeal Brief in response to 
the Final Office Action dated March 4, 2004. This Brief is filed pursuant to the Notice of Appeal 
mailed September 7, 2004. The due date for the Brief is December 13, 2004 in view of the 
enclosed Petition for Extension of Time and receipt of the Notice of Appeal by the Office on 
September 13, 2004. 

The extension fee and fee for filing this Appeal Brief are attached. No additional fees are 
believed due in cormection with this paper. However, should any other fees be due, or the 
attached fee be deficient or absent, the Commissioner is authorized to withdraw the appropriate 
fee from Fulbright & Jaworski L.L.P. Deposit Account No. 50-1212/UTSB:675. 
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Please date stamp and return the enclosed postcard to evidence receipt of this document. 
PETITION FOR EXTENSION OF TIME 

Pursuant to 37 C.F.R. § 1.136(a), Appellants petitions for an extension of time of one 
month to and including December 13, 2004, in which to file this Appeal Brief. Pursuant to 37 
C.F.R. § 1.17, a check is enclosed including the process fee of $60.00 for a one-month extension 
of time. If the check is inadvertently omitted, or should any additional fees under 37 C.F.R. §§ 
1.16 to 1.21 be required for any reason relating to the enclosed materials, or should an 
overpayment be included herein, the Commissioner is authorized to deduct or credit said fees 
from or to Fulbright & Jaworski Deposit Account No. 50-1212/UTSB:675US 
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L REAL PARTY IN INTEREST 

The real party in interest is the assignee, The Board Of Regents, The University Of Texas 

System. 

IL RELATED APPEALS AND INTERFERENCES 

There are no interferences or appeals for related cases. 

III. STATUS OF THE CLAIMS 

Claims 1-74 were initially filed. Claims 33-74 were withdrawn from consideration as 
directed to non-elected subject matter. Claims 1-74 were pending at the time of the final Office 
Action dated March 4, 2004 and claims 1-32 were rejected. Claim 3 was canceled in an 
Amendment and Response to Fourth Office Action filed by Appellants on May 4, 2004. It is 
unknown if the Amendment has been entered. 

Prior to entry of the Amendment claims 1-74 were pending and after entry of the 
amendment claims 1-2 and 4-74 will be pending. Copies of the pending claims with and without 
entry of the Amendment are attached as Appendix 1 and Appendix 2, respectively. 

IV. STATUS OF AMENDMENTS 

A claim amendment was filed with the Amendment and Response to Fourth Office 
Action dated May 4, 2004 that amended claim 1 and canceled claim 3. The status of the 
Amendment is unknown. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention relates to a method of obtaining a bacterium comprising a nucleic acid 
sequence encoding a binding protein capable of binding a target ligand. Specification at p.6, 
1.10-12. In one embodiment the method comprises the steps of: (a) providing a Gram negative 
bacterium comprising a nucleic acid sequence encoding a candidate binding protein, v^herein 
said binding protein is expressed in soluble form in the periplasm of said bacterium; (b) 
contacting said bacterium with a labeled ligand capable of diffusing into said bacterium 
periplasm; and (c) selecting said bacterium based on the presence of said labeled ligand within 
the periplasm. Specification at p.6, 1.12-17. The method may further comprise obtaining a 
nucleic acid sequence encoding a binding protein capable of binding a target ligand by cloning 
said nucleic acid sequence encoding said candidate binding protein. Specification at p.6, 1.18-26. 

VI, GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Are claims 1-32 lacking enablement under 35 U.S.C. § 112, first paragraph? 

B. Are claims 1-32 indefinite under 35 U.S.C. § 1 12, second paragraph? 

VII. ARGUMENT 
A. The Claims Are Enabled Under 35 U.S.C. §112, First Paragraph 

The Examiner maintains the rejection of claims 1-32 under 35 U.S.C. §112, first 
paragraph, as not being enabled, hi particular, the Examiner presents three main points of 
alleged non-enablement: (1) it is stated that the claims are not enabled in the absence of a wash 
step, (2) it is stated that enablement is not provided for use of hgands greater than 2000 Da, and 
(3) it is alleged that use of the claimed method with a nucleic acid as the labeled Ugand is not 
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enabled. It is additionally stated that use of enzymes generally with the invention is not enabled. 
The rejection should be reversed by the Board as set forth below. 

(1) Appellants have demonstrated that a wash step is not necessary 
Appellants note that the addition of a wash step is not required for use of the invention as 

alleged by the Examiner. In support of this, Appellants provided during prosecution the 
Declaration of Jongsik Gam. Appendix 3, Exhibit A. As described by Mr. Gam, the claimed 
methods have been used both with and without the addition of a wash step to demonstrate that 
the wash step is not necessary. It was demonstrated in particular that cells expressing a binding 
protein having affinity for a labeled ligand can be detected away from control cells based on the 
presence of the labeled ligand bound in the periplasm with or without a wash step. Mr. Gam 
explains that the specific interaction of the binding protein and labeled ligand in the periplasm of 
the bacterium retains and concentrates the labeled ligand inside the periplasm of only those cells 
with high affinity binding proteins. The concentration of the labeled ligand bound to the binding 
protein in the periplasm makes the cells detectable regardless of the presence of unbound labeled 
ligand. Id, 

As Appellants have demonstrated that this additional step is not required, and the claimed 
method is fiiUy enabled without the step, reversal of the rejection is respectfially requested. 

(2) The invention is not properly limited to ligands of less than 2000 Da or 
specific classes of ligands 

The Examiner continues to reject the claims based on the allegation that labeled ligands 
of more than 2000 Da are not "capable of diffusing" into a cell. The evidence Appellants 
provided in the previous response included a peer reviewed publication by Chen et al, 
(Appendix 3, Exhibit B) showing that oUgonucleotide 20mers (8,727 Da) enter the bacterial 
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cell. However, the Examiner asserted that this was unpersuasive based on the allegation that 
facilitated transport is required for molecules of such size to enter the cell, 
(a) Interpretation of the claims 

Appellants initially note that the maintenance of the rejection appears to be based on 
confusion regarding the meaning of the term "capable of diffusing" as used in claim 1. The 
Examiner has cited a definition fi-om Webster's for the term "diffusion" which is said to be 
limited to spontaneous (e.g., unfacilitated) movement. However, the claims are not so limited. 
The definition given is but one of several library definitions available for terms that are related to 
the actual original claim term "capable of diffusing into said bacterium." Neither the other 
definitions nor the specification are limited in this way. 

The relevant definition of "diffuse," which has the inflected form "diffusing," from the 
Merriam- Webster™ Online dictionary is "to spread out or become transmitted especially by 
contact:' Appendix 3, Exhibit C (emphasis added). Similarly, the Cambridge Online 
Dictionary™ (http://dicfionary.cambridge.org/ ) defined "diffuse" as a verb to mean "1 to (cause 
something to) spread in many directions" or "(2) to (cause a gas or liquid to) spread through or 
into a surrounding substance by mixing with it."' Appendix 3, Exhibit D (emphasis added). 

Consistent with the foregoing, nothing in the specification requires that labeled ligands 
enter the bacterium by any given mechanism. Therefore, neither the art known meaning of the 
claim terms nor the specification are consistent with the position taken by the Examiner 
regarding the interpretation of "diffusing." Even assuming this to be true for the purpose of 
argument, although it is not, this at best goes to "how" or "why" the invention works, which is 
irrelevant under the first paragraph of 35 U.S.C. §112, first paragraph. All that is relevant under 
this section is that one of skill in the art can make and use the claimed invention without undue 
experimentation, which has fully been demonstrated herein. 
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(b) Chen et al demonstrates the enablement of the claims 

Enablement speaks to the ability to make and use the claimed invention. The 
mechanisms by which ligands enter the cell is irrelevant to the function of the technique. Here, 
Appellants have submitted a peer-reviewed article, Chen et al, that specifically shows that 
hgands of at least lOkDa can enter the periplasmic space. Appendix 3, Exhibit B. Regardless 
of the molecular mechanisms involved, this alone provides clear evidence for enablement of 
ligands of at least the 10 kDa acknowledged by the Examiner. 

The Examiner states that the Chen et al reference is not persuasive because "proper 
conditions" are required such as treatments with filamentous bacteriophages or growth under 
sub-optimal conditions. However, the specification specifically teaches these techniques as well 
as many other such techniques for permeabiUzation of bacteria. For example, the use of 
filamentous bacteriophages to increase permeability is described in the last paragraph of page 
16 of the specification. The use of sub-optimal temperatures is specifically taught in the first 
paragraph of Example 3 of the specification. The specificafion ftirther describes numerous other 
techniques that were known in the art for increasing bacterial permeability. For example, Fig. 8 
shows that an increase in FACS signal was obtained when cells expressing periplasmic scFv 
antibodies to digoxigenin were labeled with this probe using 5X PBS to permeabiUze the outer 
membrane. Therefore, given that the "proper conditions" for use of labeled ligands of at least 10 
kDa are both fully described in the specificafion and known in the art, there is no basis 
whatsoever to conclude that Appellants' claims are not fiiUy enabled. 

(c) The rejection was not applied with respect to the claimed invention 
Appellants finally note that the rejecfion appears to have not been apphed with respect to 

the claimed invention. All that is required under 35 U.S.C. §112, first paragraph, is that the 
specification teach one reasonably skilled in the art how to make and use what is claimed 
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without undue experimentation. In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. 
Cir. 1988); see also Durel Corp, v. Osram Sylvania Inc., 256 F.3d 1298, 1306-07 (Fed. Cir. 
2001). The focus of examination must therefore be whether the subject matter within the scope 
of the claims is enabled. M.P.E.P. § 2164.08. 

Here, step (b) of current claim 1 comprises contacting a bacterium with a labeled Ugand 
"capable of diffusing" into the periplasm of the bacterium. To the extent that a given ligand is 
not capable of diffusing into the periplasm as alleged by the Examiner, the ligand is not within 
the scope of the claims. Therefore, even assuming arguendo that the allegations made by the 
Examiner are correct, which they are not, the full scope of the claims is enabled. Id. 

In view of the foregoing, reversal of the rejection is respectfully requested. 

(3) The use of nucleic acids has been enabled 

The Examiner continues to allege that enablement has not been provided for use of 
nucleic acids as ligands. In response it is first noted that the comments of the Examiner 
regarding the means by which nucleic acids enter the cell are irrelevant given that the claims do 
not require that a labeled ligand enter the periplasm by any particular method. What is relevant 
is that the studies carried out by the inventors and working examples in the specification 
demonstrate enablement for use of labeled ligands comprising nucleic acids. For example, the 
Chen et al (2001) reference (Appendix 3, Exhibit B) describes the use of labeled ligands 
comprising nucleic acids for detection in the periplasm of E. coli bacteria expressing a binding 
protein. In particular, oligonucleotide lOmers (4,897 Da) and even 20mers (8,727 Da) were 
labeled with digoxigenin and a fluorescent label, resulting in the successful labeling of ^. coli in 
5X PBS expressing scFv antibodies binding the digoxin in the periplasm, (see Fig. 3, page 539). 
The studies demonstrate enablement for use of nucleic acids. 
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Use of labeled ligands comprising nucleic acids is also described in Example 8 of the 
specification. This example demonstrates that a fluorescently-tagged oligonucleotide (2384 Da 
molecular weight) diffused into bacteria, and specific ligand-binding protein binding occurred. 
No significant DNA-labeled probe background signal was observed in Example 8, and, because 
no evidence exists that this kind of interaction would present a significant problem for use of the 
invention, the idea suggested by the Examiner that DNA-labeled probe binding will prevent use 
of nucleic acids as ligands must be regarded as pure speculation. The nucleic acids that are used 
as hgands can be easily distinguished from other nucleic acids because the ligand nucleic acids 
are tagged with a fluorescent (or other) labeling moiety. 

The studies demonstrate that nucleic acids can enter the periplasm. This further 
demonstrates that entry of labeled ligands into the periplasm is not limited to only certain types 
of molecules of very limited size, hi this case, the nucleic acid is not used as a source of genetic 
information to be transcribed and translated into protein. Rather, the nucleic acid is being used 
as a scaffold to contain the ligand of the binding protein as well as a fluorescent label. 
Therefore, again, non-specific binding with native nucleic acids does not affect the ability to 
identify selectively bound labeled hgand. 

(4) Use of enzymes is enabled 

The Examiner continues to assert that the specification does not enable use of enzymes 
generally, hi particular, the Examiner asserts that, although use of Fusarium solani lipase 
cutinase is described in the specification, the specification has not shown that other enzymes and 
substrates diffuse across the bacterial outer membrane. It is stated that different substrates 
behave differently and require different transport systems to cross the outer membrane. 

However, Appellants have already shown that the claims do not require that a labeled 
ligand enter the periplasm by any specific method. All that is relevant is that the specification 
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teaches how to use enzymes in connection with the invention as claimed, which it does. For 
example, the membrane permeabilization methods described by Appellants are non-specific. 
This is supported by the multiple different types of labeled ligands that were used and shown to 
successfully enter the periplasm, including nucleic acids, oligopeptides and a polyethylene glycol 
derivative, including substrate for Fusarium solani lipase cutinase. There is no basis to conclude 
that only certain types of substrates will cross the outer membrane. 

No basis has also been provided to conclude why the Fusarium solani lipase cutinase 
example is not representative of the claims in general. This constitutes a working example 
within the scope of the claims. Given the demonstrated ability to introduce a wide variety of 
molecules of different sizes into the E. coli periplasm, there is no basis to conclude that the 
example does not enable the full scope of the claims. Any suggestions to the contrary are 
unsupported speculation given the evidence presented by Appellants. 

(5) The rejection must be reversed under the APA 

Appellants have established above that the Examiner failed to provide evidence 
supporting the rejection and instead has disregarded evidence presented by Appellants 
affirmatively estabhshing enablement in favor of personal opinion and conjecture. However, it 
is specifically the burden of the Examiner to provide such evidence to support of the rejections 
made and to consider the evidence presented. Such evidence may not be merely disregarded 
without a firm evidentiary basis for doing so. In re Dinh-Nguyen, 181 U.S.P.Q. 46 (CCPA 
1974). This showing is further required under the Administrative Procedure Act ("APA"), which 
establishes that findings of fact and conclusions of law by the U.S. Patent and Trademark Office 
must be supported by "substantial evidence" within the record in accordance with the 5 U.S.C. § 
706(A), (E). See Dickinson v. Zurko, 527 U.S. 150, 50 USPQ2d 1930 (1999), see also In re 
Gartside, 203 F.3d 1305, 53 USPQ2d 1769 (Fed. Cir. 2000). The current rejections have not 
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been supported in fact or law. The standards of the APA have therefore not been met and thus 
the rejection must be reversed. 

In view of the foregoing, Appellants respectfully request that the Board reverse the 
rejection of claims 1-32 under 35 U.S.C. § 1 12, first paragraph. 

B. The Claims Are Not Indefinite Under 35 U.S.C. §112, Second Paragraph 

The Examiner rejects claims 1-32 under 35 U.S.C. §112, second paragraph, as being 
incomplete for the omission of a wash step. However, as demonstrated in the Declaration of Mr. 
Jongsik Gam (Appendix 3, Exhibit A), the addition of a wash step is not required for the 
function of the invention and therefore this element need not be recited in the claims. 
Specifically, Mr. Gam explains that the claimed methods have been used both with and without 
the addition of a wash step, the resuhs of which demonstrate that the wash step is not necessary. 
It was demonstrated in particular that cells expressing a binding protein having affinity for a 
labeled hgand can be detected away from control cells based on the presence of the labeled 
ligand bound in the periplasm with or without a wash step. Mr. Gam explains that the specific 
interaction of the binding protein and labeled ligand in the periplasm of the bacterium retains 
and concentrates the labeled ligand inside the periplasm of only those cells with high affinity 
binding proteins. The concentration of the labeled ligand bound to the binding protein in the 
periplasm makes the cells detectable regardless of the presence of unbound labeled ligand. Mr. 
Gam therefore concludes by stating that, "[b]ased on the foregoing studies, a wash step is not 
required for the use of the method described in the claims of this patent application to obtain a 
bacterium comprising a nucleic acid sequence encoding a binding protein capable of binding a 
target Ugand." 
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The Examiner has provided absolutely no basis to doubt the foregoing evidence, which 
demonstrates that the cited wash step is not essential. It is black-letter law that an applicant need 
only recite those elements that are essential to the function of the claimed invention. Non- 
essential embodiments from the disclosure need not be included in the claims. Reversal of the 
rejection is thus respectfully requested. 



It is respectfully submitted, in light of the above, that none of the pending claims are 
properly rejected under 35 U.S.C. §112, first or second paragraph. Reversal of the pending 
grounds for rejection is thus respectfully requested. 

RespectM]^ submitted, 



VIII. CONCLUSION 




Reg. No. 42,628 
Attorney for Appellants 



FULBRIGHT & JAWORSKI L.L.P 



600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512) 536-3085 



Date: December 13, 2004 
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APPENDIX 1: LISTING OF APPEALED CLAIMS PRIOR TO ENTRY OF THE 



AMENDMENT AND RESPONSE TO FOURTH OFFICE ACTION DATED MAY 4, 2004 



1 . (Previously presented) A method of obtaining a bacterium comprising a nucleic acid 
sequence encoding a binding protein capable of binding a target ligand comprising the steps of: 

(a) providing a Gram negative bacterium comprising a nucleic acid sequence 
encoding a candidate binding protein, wherein said binding protein is expressed in 
soluble form in said bacterium; 

(b) contacting said bacterium with a labeled hgand capable of diffusing into said 
bacterium; and 

(c) selecting said bacterium based on the presence of said labeled hgand within the 
bacterium, wherein said ligand and said candidate binding protein are bound in 
said bacterium. 

2. (Original) The method of claim 1, further defined as a method of obtaining a nucleic acid 
sequence encoding a binding protein capable of binding a target ligand, the method further 
comprising the step of: 

(d) cloning said nucleic acid sequence encoding said candidate binding 
protein. 

3. (Original) The method of claim 1, wherein said binding protein is expressed in soluble 
form in the periplasm of said bacterium. 

4. (Original) The method of claim 3, wherein said nucleic acid sequence encoding a 
candidate binding protein is further defined as operably linked to a leader sequence capable of 
directing expression of said candidate binding protein in said periplasm. 

5. (Original) The method of claim 1, wherein said Gram negative bacterium is an E. coli 
bacterium. 

6. (Original) The method of claim 1, further defined as comprising providing a population 
of Gram negative bacteria. 
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7. (Original) The method of claim 6, wherein said population of bacteria is further defined 
as collectively capable of expressing a plurality of candidate binding proteins. 

8. (Original) The method of claim 7, wherein said population of bacteria is obtained by a 
method comprising the steps of: 

(a) preparing a plurality DNA inserts which collectively encode a plurality of 
different potential binding proteins, and 

(b) transforming a population of Gram negative bacteria with said DNA inserts. 

9. (Original) The method of claim 6, wherein said population of Gram negative bacteria is 
contacted with said labeled ligand. 

10. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as an antibody or fragment thereof. 

11. (Original) The method of claim 1, wherein said candidate binding protein is fiirther 
defined as a binding protein other than an antibody. 

12. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as an enzyme. 

13. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as not capable of diffiising out of said periplasm in intact bacteria. 

14. (Original) The method of claim 1, wherein said labeled ligand comprises a peptide. 

15. (Original) The method of claim 1, wherein said labeled Hgand comprises a polypeptide. 

16. (Original) The method of claim 1, wherein said labeled ligand comprises an enzyme. 
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17. (Original) The method of claim 1 where said labeled ligand comprises a nucleic acid. 



18. (Original) The method of claim 1, wherein said labeled ligand is further defined as 
comprising a molecular weight of less than about 20,000 Da. 

19. (Original) The method of claim 1, wherein said labeled Ugand is further defined as 
comprising a molecular weight of less than about 5,000 Da. 

20. (Original) The method of claim 1, wherein said labeled hgand is further defined as 
comprising a molecular weight of greater than 600 Da and less than about 30,000 Da. 

21. (Original) The method of claim 1, wherein said labeled ligand is further defined as 
fluorescently labeled. 

22. (Previously presented) The methods of claim 1, wherein said nucleic acid encoding a 
candidate binding protein is further defined as capable of being amplified following said 
selection. 

23. (Original) The method of claim 1, further comprising treating said bacterium to facilitate 
said diffusing into said periplasm. 

24. (Original) The method of claim 23, comprising treating the bacterium with hyperosmotic 
conditions. 

25. (Original) The method of claim 23, comprising treating the bacterium with physical 
stress. 

26. (Original) The method of claim 24, comprising treating the bacterium with a phage. 

27. (Original) The method of claim 1, wherein said bacterium is grown at a sub-physiological 
temperature. 
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28. (Original) The method of claim 27, wherein said sub-physiological temperature is about 
25T 

29. (Original) The method of claim 1, further comprising removing labeled ligand not bound 
to said candidate binding protein. 

30. (Previously presented) The method of claim 1, wherein said selecting comprises 
fluorescent activated cell sorting. 

3 1 . (Original) The method of claim 1, wherein said selecting comprises magnetic separation. 

32. (Original) The method of claim 1, wherein said Ugand and said candidate binding protein 
are reversibly bound in said periplasm. 

33. (Withdrawn) A method of obtaining a bacterium comprising a nucleic acid sequence 
encoding a catalytic protein catalyzing a chemical reaction involving a target substrate, the 
method comprising the steps of: 

(a) providing a Gram negative bacterium comprising a nucleic acid sequence 
encoding a candidate catalytic protein, wherein said catalytic protein is expressed 
in soluble form in said bacterium; 

(b) contacting said bacterium with a target substrate capable of diffusing into said 
bacterium, wherein said candidate catalytic protein catalyzes a chemical reaction 
involving said target substrate and wherein said chemical reaction yields at least a 
first substrate product; and 

(c) selecting said bacterium based on the presence of said first substrate product. 

34. (Withdrawn) The method of claim 33, further defined as a method of obtaining a nucleic 
acid sequence encoding a catalytic protein catalyzing a reaction with a target substrate, the 
method further comprising the step of: 
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(d) cloning said nucleic acid sequence encoding said candidate catalytic 
protein. 

35. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is 
expressed in soluble form in the periplasm of said bacterium. 

36. (Withdrawn) The method of claim 35, wherein said nucleic acid sequence encoding a 
candidate catalytic protein is further defined as operably linked to a leader sequence capable of 
directing expression of said candidate catalytic protein in said periplasm. 

37. (Withdrawn) The method of claim 33, wherein said Gram negative bacterium is an E, coli 
bacterium. 

38. (Withdrawn) The method of claim 33, further defined as comprising providing a 
population of Gram negative bacteria. 

39. (Withdrawn) The method of claim 38, wherein said population of bacteria is further 
defined as collectively capable of expressing a plurality of candidate catalytic proteins. 

40. (Withdrawn) The method of claim 39, wherein said population of bacteria is obtained by 
a method comprising the steps of: 

(a) preparing a plurality DNA inserts which collectively encode a plurality of 
different candidate catalytic proteins, and 

(b) transforming a population of Gram negative bacteria with said DNA inserts. 

4 1 . (Withdrawn) The method of claim 3 8, wherein said population of Gram negative bacteria 
is contacted with said target substrate. 

42. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is further 
defined as an enzyme. 
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43. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is further 
defined as not capable of diffusing out of said periplasm. 

44. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile amide bond. 

45. (Withdrawn) The method of claim 33, wherein said target substrate comprises a 
polypeptide. 

46. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carboxylic ester bond. 

47. (Withdrawn) The method of claim 33, wherein said target substrate comprises a nucleic 
acid. 

48. (Withdrawn) The m.ethod of claim 33, wherein said target substrate comprises a molecule 
containing a scissile phosphate ester bond. 

49. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile sulfonate ester bond. 

50. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carbonate ester bond. 

51. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carbamate bond. 

52. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile thioester bond. 
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53. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 20,000 Da. 

54. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 5,000 Da. 

55. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 3,000 Da. 

56. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of greater than about 600 Da and less than about 30,000 Da. 

57. (Withdrawn) The method of claim 33, wherein said first substrate product is further 
defined as capable of being detected based on the presence of a fluorescent signature. 

58. The method of claim 57, wherein said fluorescent signature is absent in said target substrate. 

59. (Withdrawn) The method of claim 58, wherein said fluorescent signature is produced by 
catalytic cleavage of a scissile bond. 

60. (Withdrawn) The method of claim 59, further defined as comprising use of a FRET 
system, said FRET system comprising a fluorophore bound by a scissile bond to at least a first 
molecule capable of quenching the fluorescence of said fluorophore, wherein cleavage of said 
scissile bond allows said first molecule to diffuse away from the fluorophore and wherein the 
fluorescence of said fluorophore becomes detectable. 

61. (Withdrawn) The method of claim 60, wherein the fluorophore comprises a positive 
charge allowing the fluorophore to remain associated with the bacterium. 
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62. The method of claim 57, wherein said target substrate is further defined as comprising a 
latent fluorescent moiety capable of being released by said chemical reaction involving said 
target substrate. 

63. (Withdrawn) The method of claim 62, wherein the latent fluorescent moiety released by 
said cleavage possesses an overall positive charge allowing said moiety to remain associated 
with the bacterium following said cleavage. 

64. (Withdrawn) The method of claim 57, further defined as comprising labeling said target 
substrate with a fluorescent pH probe capable of being detected upon a change in pH associated 
with said chemical reaction involving said target substrate. 

65. (Withdrawn) The method of claim 64, wherein said fluorescent pH probe possesses an 
overall positive charge allowing said fluorescent pH probe to remain associated with the 
bacterium following said chemical reaction involving said target substrate. 

66. (Withdrawn) The method of claim 33, wherein said bacterium is further defined as viable 
following said selecting. 

67. (Withdrawn) The method of claim 33, further comprising treating said bacterium to 
facihtate said diffusing into said periplasm. 

68. (Withdrawn) The method of claim 67, comprising treating the bacterium with 
hyperosmotic conditions. 

69. (Withdrawn) The method of claim 67, comprising treating the bacterium with physical 
stress. 

70. (Withdrawn) The method of claim 67, comprising treating the bacterium with a phage. 
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71. (Withdrawn) The method of claim 33, wherein said bacterium is grown at a sub- 
physiological temperature. 

72. (Withdrawn) The method of claim 71, wherein said sub-physiological temperature is 
about 25^C. 

73. (Withdrawn) The method of claim 33, wherein said selecting comprises FACS. 

74. (Withdrawn) The method of claim 33, wherein said selecting comprises magnetic 
separation. 
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APPENDIX 2: LISTING OF APPEALED CLAIMS FOLLOWING ENTRY OF 
THE AMENDMENT AND RESPONSE TO FOURTH OFFICE ACTION 

DATED MAY 4. 2004 

1. (Previously presented) A method of obtaining a bacterium comprising a nucleic acid 
sequence encoding a binding protein capable of binding a target ligand comprising the steps of: 

(a) providing a Gram negative bacterium comprising a nucleic acid sequence 
encoding a candidate binding protein, v^herein said binding protein is expressed in 
soluble form in the periplasm of said bacterium; 

(b) contacting said bacterium with a labeled ligand capable of diffusing into said 
periplasm; and 

(c) selecting said bacterium based on the presence of said labeled Hgand within the 
periplasm, wherein said ligand and said candidate binding protein are bound in 
said bacterium. 

2. (Original) The method of claim 1, further defined as a method of obtaining a nucleic acid 
sequence encoding a binding protein capable of binding a target ligand, the method further 
comprising the step of: 

(d) cloning said nucleic acid sequence encoding said candidate binding 
protein. 

3. (Canceled) The method of claim 1, wherein said binding protein is expressed in soluble 
form in the periplasm of said bacterium. 

4. (Currently amended) The method of claim ^i, wherein said nucleic acid sequence 
encoding a candidate binding protein is further defined as operably linked to a leader sequence 
capable of directing expression of said candidate binding protein in said periplasm. 

5. (Original) The method of claim 1, wherein said Gram negative bacterium is an E. coli 
bacterium. 
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6. (Original) The method of claim 1, further defined as comprising providing a population 
of Gram negative bacteria. 

7. (Original) The method of claim 6, wherein said population of bacteria is further defined 
as collectively capable of expressing a plurality of candidate binding proteins. 

8. (Original) The method of claim 7, wherein said population of bacteria is obtained by a 
method comprising the steps of: 

(a) preparing a plurality DNA inserts which collectively encode a plurality of 
different potential binding proteins, and 

(b) transforming a population of Gram negative bacteria with said DNA inserts. 

9. (Original) The method of claim 6, wherein said population of Gram negative bacteria is 
contacted with said labeled ligand. 

10. (Original) The method of claim L wherein said candidate binding protein is further 
defined as an antibody or fragment thereof 

11. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as a binding protein other than an antibody. 

12. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as an enzyme. 

13. (Original) The method of claim 1, wherein said candidate binding protein is further 
defined as not capable of diffusing out of said periplasm in intact bacteria. 

14. (Original) The method of claim 1, wherein said labeled ligand comprises a peptide. 

15. (Original) The method of claim 1, wherein said labeled ligand comprises a polypeptide. 
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16. (Original) The method of claim 1, wherein said labeled ligand comprises an enzyme. 

17. (Original) The method of claim 1 where said labeled ligand comprises a nucleic acid. 

18. (Original) The method of claim 1, wherein said labeled Ugand is further defined as 
comprising a molecular weight of less than about 20,000 Da. 

19. (Original) The method of claim 1, wherein said labeled ligand is further defined as 
comprising a molecular weight of less than about 5,000 Da. 

20. (Original) The method of claim 1, wherein said labeled ligand is further defined as 
comprising a molecular weight of greater than 600 Da and less than about 30,000 Da. 

21. (Original) The method of claim 1, wherein said labeled ligand is further defined as 
fluorescently labeled. 

22. (Previously presented) The methods of claim 1, wherein said nucleic acid encoding a 
candidate binding protein is further defined as capable of being amplified following said 
selection. 

23. (Original) The method of claim 1, further comprising treating said bacterium to facilitate 
said diffusing into said periplasm. 

24. (Original) The method of claim 23, comprising treating the bacterium with hyperosmotic 
conditions. 

25. (Original) The method of claim 23, comprising treating the bacterium with physical 
stress. 

26. (Original) The method of claim 24, comprising treating the bacterium with a phage. 
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27. (Original) The method of claim 1, wherein said bacterium is grown at a sub-physiological 
temperature. 

28. (Original) The method of claim 27, wherein said sub-physiological temperature is about 
25°C 

29. (Original) The method of claim 1, further comprising removing labeled Ugand not bound 
to said candidate binding protein. 

30. (Previously presented) The method of claim 1, wherein said selecting comprises 
fluorescent activated cell sorting. 

31. (Original) The method of claim 1, wherein said selecting comprises magnetic separation. 

32. (Original) The method of claim 1, wherein said Hgand and said candidate binding protein 
are reversibly boimd in said periplasm. 

33. (Withdrawn) A method of obtaining a bacterium comprising a nucleic acid sequence 
encoding a catalytic protein catalyzing a chemical reaction involving a target substrate, the 
method comprising the steps of: 

(a) providing a Gram negative bacterium comprising a nucleic acid sequence 
encoding a candidate catalytic protein, wherein said catalytic protein is expressed 
in soluble form in said bacterium; 

(b) contacting said bacterium with a target substrate capable of diffusing into said 
bacterium, wherein said candidate catalytic protein catalyzes a chemical reaction 
involving said target substrate and wherein said chemical reaction yields at least a 
first substrate product; and 

(c) selecting said bacterium based on the presence of said first substrate product. 
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34. (Withdrawn) The method of claim 33, further defined as a method of obtaining a nucleic 
acid sequence encoding a catalytic protein catalyzing a reaction with a target substrate, the 
method further comprising the step of: 

(d) cloning said nucleic acid sequence encoding said candidate catalytic 
protein. 

35. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is 
expressed in soluble form in the periplasm of said bacterium. 

36. (Withdrawn) The method of claim 35, wherein said nucleic acid sequence encoding a 
candidate catalytic protein is further defined as operably linked to a leader sequence capable of 
directing expression of said candidate catalytic protein in said periplasm. 

37. (Withdrawn) The method of claim 33, wherein said Gram negative bacterium is an E. coli 
bacterium. 

38. (Withdrawn) The method of claim 33, further defined as comprising providing a 
population of Gram negative bacteria. 

39. (Withdrawn) The method of claim 38, wherein said population of bacteria is further 
defined as collectively capable of expressing a plurality of candidate catalytic proteins. 

40. (Withdrawn) The method of claim 39, wherein said populafion of bacteria is obtained by 
a method comprising the steps of: 

(a) preparing a plurality DNA inserts which collectively encode a plurality of 
different candidate catalytic proteins, and 

(b) transforming a population of Gram negative bacteria with said DNA inserts. 

41. (Withdrawn) The method of claim 38, wherein said population of Gram negative bacteria 
is contacted with said target substrate. 
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42. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is further 
defined as an enzyme. 

43. (Withdrawn) The method of claim 33, wherein said candidate catalytic protein is further 
defined as not capable of diffusing out of said periplasm. 

44. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile amide bond. 

45. (Withdrawn) The method of claim 33, wherein said target substrate comprises a 
polypeptide. 

46. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carboxyUc ester bond. 

47. (Withdrawn) The method of claim 33, wherein said target substrate comprises a nucleic 
acid. 

48. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile phosphate ester bond. 

49. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile sulfonate ester bond. 

50. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carbonate ester bond. 

51. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile carbamate bond. 
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52. (Withdrawn) The method of claim 33, wherein said target substrate comprises a molecule 
containing a scissile thioester bond. 

53. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 20,000 Da. 

54. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 5,000 Da. 

55. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of less than about 3,000 Da. 

56. (Withdrawn) The method of claim 33, wherein said target substrate is further defined as 
comprising a molecular weight of greater than about 600 Da and less than about 30,000 Da. 

57. (Withdrawn) The method of claim 33, wherein said first substrate product is further 
defined as capable of being detected based on the presence of a fluorescent signature. 

58. The method of claim 57, wherein said fluorescent signature is absent in said target substrate. 

59. (Withdrawn) The method of claim 58, wherein said fluorescent signature is produced by 
catalytic cleavage of a scissile bond. 

60. (Withdrawn) The method of claim 59, further defined as comprising use of a FRET 
system, said FRET system comprising a fluorophore bound by a scissile bond to at least a first 
molecule capable of quenching the fluorescence of said fluorophore, wherein cleavage of said 
scissile bond allows said first molecule to diffuse away from the fluorophore and wherein the 
fluorescence of said fluorophore becomes detectable. 

61. (Withdrawn) The method of claim 60, wherein the fluorophore comprises a positive 
charge allowing the fluorophore to remain associated with the bacterium. 
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62. The method of claim 57, wherein said target substrate is further defined as comprising a 
latent fluorescent moiety capable of being released by said chemical reaction involving said 
target substrate. 

63. (Withdrawn) The method of claim 62, wherein the latent fluorescent moiety released by 
said cleavage possesses an overall positive charge allowing said moiety to remain associated 
with the bacterium following said cleavage. 

64. (Withdrawn) The method of claim 57, further defined as comprising labeling said target 
substrate with a fluorescent pH probe capable of being detected upon a change in pH associated 
with said chemical reaction involving said target substrate. 

65. (Withdrawn) The method of claim 64, wherein said fluorescent pH probe possesses an 
overall positive charge allowing said fluorescent pH probe to remain associated with the 
bacterium following said chemical reaction involving said target substrate. 

66. (Withdrawn) The method of claim 33, wherein said bacterium is further defined as viable 
following said selecting. 

67. (Withdrawn) The method of claim 33, further comprising treating said bacterium to 
facilitate said diffusing into said periplasm. 

68. (Withdrawn) The method of claim 67, comprising treating the bacterium with 
hyperosmotic conditions. 

69. (Withdrawn) The method of claim 67, comprising treating the bacterium with physical 
stress. 

70. (Withdrawn) The method of claim 67, comprising treating the bacterium with a phage. 
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71. (Withdrawn) The method of claim 33, wherein said bacterium is grown at a sub- 
physiological temperature. 

72. (Withdrawn) The method of claim 71, wherein said sub-physiological temperature is 
about 25°C. 

73. (Withdrawn) The method of claim 33, wherein said selecting comprises FACS. 

74. (Withdrawn) The method of claim 33, wherein said selecting comprises magnetic 
separation. 
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APPENDIX 3: EVIDENCE APPENDIX 



Exhibit A: Declaration of Jongsik Gam; cited in Applicants' Amendment and Response to 

Office Action Dated March 4, 2004, filed May 4, 2004 
Exhibit B: Chen et aL, Nature Biotechnology, 19:537-542 (2001); submitted as IDS reference 

C54 

Exhibit C: Merriam-Webster™ Online Dictionary definition of "diffuse"; cited in Applicants' 
Amendment and Response to Office Action Dated March 4, 2004, filed May 4, 
2004 

Exhibit D: Cambridge Online Dictionary™ (http://dicfionary.cambridge.org/) defmifion of 
"diffuse"; cited in Applicants' Amendment and Response to Office Action Dated 
March 4, 2004, filed May 4, 2004 
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LATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFnCE 

In re Application of: 
Gang Chen, et al. 

Serial No.: 09/699.023 

Filed: October 27, 2000 

For: ISOLATION OF BINDING PROTEINS 
WITH HIGH AFFINITY TO LIGANDS 





CERTIFICATE OF MAIUMG 
37C.F.R. §1.8 


I hereby certify that this correspandencG 
Class Mail in art envelope addressed to: 
below: 


Is being deposited with the U.3, Pwlal Service with ^uffident postage 05 Rret 
Assislartt Commissioner tor Patents. Washington, DC 20231, on the date 






Date 


' Robert E. Hanson _ 



DECLARAT10N0PJ0NGaKGAMUNDE»37 CF.R § 1.132 

AssBtant Commissioner for Patents 
Washington, D.C. 20231 

I, JONGSIK GAM , HEREBY DECLARE AS FOLLOWS: 

1 . I am a citken oC South Korea, and currently reside at 1014 Stratford Ct., State College, PA. 

2. 1 was empbyed by The University of Texas from 1997 until 2004, with the titb of 
Research Assistant. During that time I was a graduate student at The University of Texas. My 
piioary duties as a Research Assistant were in conducting scientific research in the area of 

2540T74S_IJX)C 
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Group Art Unit: 1 632 
Examiner: Ford,V. 
Atty.DkLNo.: UTSB:675US 



@003 



pharmacy. Oneofmy two supovisors was Brent Ivcrson, Ph.D., who is a co-inventor of the above 
captioned p atent app Ecation 

2. IwillrecdveaPh.D.inPhaimacy firomTbeUniversity of Texas in May, 2004 Ihaveheen 
condbctingresearch in the area of phannacy since 1997. I have a Bachelors degree and a Masters 
degree in Phannacy from the Seoul National Unhreisity in Seoul. Souih Korea, 

3. I have reviewed the amc^ed claims of the above-cap tbned patmt appHcation and am 
fandiar with the techiolog/ and steps desoibed in the claims. 

4. 1 understand that the Patent and Trademark Office Examiner in charge of assessing the 
pataitabiliy of the referenced patent application has regected the daims of the above patent 
^pHcation for faifing to recite a wash step. In particular, it is my undastanding that the Examiner 
asserts that a sqparate wash step roust be added to make the folbwing procedure functional; 

1. (Current amended) A method of obtaining a bacterium comprising a 
nucleic acid sequence encoding a bmding protein capable of binding a target hgand 
comprising the steps oft . . i • ^ 

(a) providing a Gram negative bacterium compnsmg a nucleic apd 
sequence encoding a candidate binding protein, wherein said binding 
protein is expressed in soluble form in the periplasm of said 
bacterium; 

(b) contacting said bacterium with a labeled ligand capable of entering 
said periplasm; and 

(c) selecting said bacterium based on the presence of said labeled ligand 
witbin the periplasm, wherein said ligand and said candidate binding 
protein are bound in said bacterium. 

5. I am providing the present Declaration to submit data demonstrating that a wash step is 
not required for die successful use of the above procedure. 
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6. The Studies carried out by me demonstrating that a wash step is not necessary for the 
function of the technique described in the claims can be summarized as follows: 

A. Bacteria 

E, coli ABLE™C and TGI bacteria were obtained expressing a digoxigenin-specific scFv in 

soluble form in the periplasm. Periplasmic expression was achieved by linking the scFv to a peiB 
leader sequence. Expression was regulated by the lac inducible promoter, the expression of which 
is induced by the addition of IPTG to growdi media. 

B. Cell culture 

Growth media was supplemented with ampicilUn (100 /ig/ml) when necessary. Bacteria containing 

the plasmid encoding the scFv were grown overnight in TB broth containing 2% glucose at 30**C. 
Cells were subcultured in fresh 2xYT {or LB) media and re-grown at 31^C for 2 hours until an 
OD600 of 0.5-0.8 was reached The cells were induced with IPTG (0.2 mM) for an additional 4 
hours at 25**C to express the scFv antibodies in the periplasm of the E, coli strains. 

C. Labeling 

50 of the induced cell cultures were incubated in 950 jA of IxPBS at room temperdture for 1 

hour with BODIPY-conjugated digoxigcnin (usually 200 nM = 0,2 fiM). The incubation was 
performed successfully with and without use of permeabilizers (PMBN, EDTA or lactic acids were 
used when a permeabilizer was included). At this stage, trials were run both with and without a 
washing step after the incubation. The resulting cell suspension (10 jA without a washing step), . 
was diluted with 1 ml of IxPBS in a SIP tube for die FACS analysis. 

D. Selection 

10^ events were analyzed on a Becton Dickinson FACSCalibur for both the washed and unwashed 
trials. Sheath flow was IxPBS for all of the screens. Cell viability was judged using the propidium 
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iodide (PI) staining method (1 fig/mX). The screening demonstrated a high FACS signal relative lo 
negative controls lacking the digoxigenin-specific scFv both with and without the wash step. The 
results confirmed that in cells expressing the scFv binding protein with specific affinity for the 
labeled ligand the bound complex was accumulated and becomes detectable above background 
levels (the control) based on this concentration of signal regardless of the presence of unbound 
labeled ligand 

7, Based on the foregoing studies, a wash step is not required for the use of the method 

described in tiie claims of fiiis patent application to obtain a bacterium comprising a nucleic acid 
sequence encoding a binding protein enable of binding a target ligand. 

8. I hereby declare that all statements made herein of my knowledge are true and that all 
statements made on infonmation and belief arc belfeved to be true; and further that these statements 
weremade with the knowledge that willful false statements and the like so made arepunishable by 
fine or imprisonment, or both, undo: Section 1001 of Title 18 of the United States Code and that 
such willfol false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Date Jon^ik Gam 
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Isolation of high-affinity ligand-binding proteins 
by periplasmic expression with cytometric 
screening (PECS) 

Gang Chen'*, Andrew Hayhursl'*^, Jeffery G.Thomas^'^, Barrett R. Harvey\ 
Brent L Iverson'-**, and George Geor^ou^-^^ 

Periptasmk^ ejqptession wHh cytometnc screeni^ 

Golating ltgan(M)Mir)g proteins from divefse Bbfaries. EschetkNa cq6 expressing a 6brary of protfiins 
secreted into the periplasmic space am incubated w3h a fli^ 
proper coTKfitiorts, igamb as large as atout 10 kDa can equ^ 

prontising the ceB^ tetegr&y or viabffityi Ihe bacterial cei envelope eRecSvel/ serves as a dialysis bag to 
selectively retafri receptoMhiorescent probe cornpleDtes but nbl free SgaiKl Cells cfisplayfng increased 
AK>rescence are then isolated by ftow cylornelry. We dernori^^ both very hi^ 

artd low affinity to digoxigernn can be isolated from a>raries screened PECS usir^g a benchtop flow 
cylometer. We also show ttiat preexistmg Bt>raries constructed for dteplay on filamentous t)acteriophage can 
be saeened by PECS without the need for subdontng. In fad, PECS was fourKl to select for proteins that 
could be rnissed by corivention^ phage panning and screenirig inelhods. 



Protein display technologies cdkctiycly rcpicsent one of die most 
powerful tools for protein engineering*. Fc» ciiq>]ay purposes, a pro- 
tein is fused to the C or N terminus of a pc^ypeptide seqioenoe tbat 
targets the rcsultii^ cfaimcra onto the sur&ces of biological particles 
such as viruses, bacteria, ycast» orbigber cells, libraries are typically 
screened for ligand binding by a series Of adsorption-desorption 
cycles, a process also kfxnm as "panningf^. Esiuung has been used 
successfully to screen highly complex libraries made by doning the 
mammalian antibody rcpertotie and displaying it on phage (up to 
10" clones). Fot somewhat less diverse libraries (up to 10^ dones), 
di^ilay on bacteria or yeast coupled with flow cytometry is a power- 
ful tool for the discovery of proteins vrith exceptionally high Kgand- 
binding aflintttes and for the isobtion of enzyme catalysts^. 

Ahhough the importance of display tecfan^ogies for protein engi- 
neering is undisputed, the need to andx>r die target polypeptide 
omo the sur&ce of a taological particle imposes a number of hmita- 
tiofis that can significandy rediK» the diversity of the library rdativc 
to the totality of proteins that can t>e produced in a sohible form 
within the cdL Hrst and foremost^ protein display requires that the 
protein of interest be esqwessed as dtbcr a C- or N-terminal fusion,a 
process that can adversely affect protein function or stability. Second, 
protein display is subject to biolo^c^ constraints assodated with 
protein c3qK>rt and prescntatioo, which maf compromise the 
viability of the virus or cell (e^ re& 6,7). Third, complex proteins 
consisting of several polypeptide chains or requiring certain post- 
transbtiorial modifications may be tntrinsicaDy incon^ible with 
di^lay on ph^, bacteria, or yeast. Such proteins include, for exam- 
ple, cotactor-containing bacterial proteins whose biosynthcsb 
dq>ends on the recently discovered twin arginine motif export sys- 
tcm*. Fourth, di^lay can introduce certain complicatioDS for screen- 
ing such as avidity efifects^", in the case of viruses, or nonspecific 
binding of the fluorescent probe to the cell sur&ce!*. 



Here we describe a "display-less* approach for isolating proteins . 
that, bind to miaB molecules, iiu:luding peptides and oligtmu- 
deotides, based on PECS. Lfl^raries are simply eip i e ssc d in sc^iM 
form in the periplasmic space of E. coH by means of a suitable signal 
sequence arid mixed widi a fiuorcsccndy tagged l^and (Rg. IX 
Normally, the outer membrane of Gram- negative bacteria restricts 
the diffusion of molecules larger than -^0 Da*', However, we haw 
found that an appropriate combination of growth conditions and 
bacterial strains permits molecules as large as 10 kba to equilibrate 
throu^ the outer membrane while periplasmkaDy expressed pro- 
teins are retained within the ceQ. ^>ecific binding of the fiuoresccnt 
conpigate by the cognate per^lasmic protein residts in increased flur 
orcsccTKe, allowing the cdOs to be isolated from the rest €£ the library 
by fiuorcscencc^activated cdl sorting (FAGS). Thus the cefl cnvdopc 
serves as a (Ualysis bag that retains protciik-ligand coriiplcxes^ 

have demoiistTated the utility of PECS for discoveriiig 1^^ 
binding sdPv antibodies. One advantage of PECS is that it can 
readily be used to screen by flow cytometry any existing library con- 
structed for di^lay on bacteriof^ge without the iteed for 
subdonir^ This feature aDowcd the isolation of uniqoe biii£ng 
dcmcs that could luit be idexitified by ctmvcntiorial i^iage paiming. 

ResaHs and discussion 

Fhtoicscciice dctecticMi ar»d enricfaincnt <^cdls exprcssiiigscFv anti- 
bodies in the peri|rfasmL The 26-10 scFv antibody binds with h^ 
affinity to can^ glycosides such as digorih and d%ax^ciixn (the 
values of the purified antibody for digoodn arxl digoK^enin are 
0.9 ± 0.2 X 10* M and 2.4 ± a4 X la* M, rcqpe^h^dy^ H>e 
26-10 scPv aikd its variants have been used cJ UaBiw cl y as a modd 
system to understand the eftct of nmtatioitt in the conq>leinentarity- 
determining regions (CDRs) and in the framework regions on hapten 
binding^** We expressed the 26-10 scPv in the £ cofi pcripbsm 
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Table I.Ughtchabi CDR3 ammo acid sequences of mutants^ 
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FigiirB 1. A schemaAic tfagram shcMflng lha prin^ 

expression wfth cytonielric scieeninQ (reCS^ Ub^^ 

secreted to the £. csffper^ilasm can be labeled by fluoresced 

of Bgands by a sirvvile hl^v^ inoubEdion procedure.!^ 

merrtxane serves as a dblysis inernl)f»ie alowirig dM^^ 

Bgandoutof theceiarxtretertfionoipro td n igand ccmptexes wilhin the 

cel. itie Ouorescerit oefe are then separated by 

<tefined parameters (e^, feglon one: H\y Only ceOs expressing protein 

species wHh the desired Bgand4)indin9ch a aciaiMks are 

using the arabinose promoter and pdB leader scqacnoe in pbsmid 
pBAD30peIB-I>^ This vcaor was used to transfonn the orir £ 
strain LMG194» and sdV expression was induced with (L2% (wt/voO 
arabinose at 25X1 observed that c^on inci4)ation wid^ 1 00 ^ 
di^oodgenin-BODIFY, the ceDs became strong^ finoftsccnt, and the 
fluorescence agnal was retained even after extensive washing to 
rcniove ix>n^>ccificaD7 bound BgamI (data not showmX Staining with 
the viability stam propdium iodide (PI), whids binds specifically to 
damaged cells by intercalating in ncnnaDy inaccessSxlc douUe- 
stranded nucleic adds» revealed tfaa >90%of the ccDs were not per* 
rocabk to the dye The fraction of viabie ceOs was similar to that in 
control cultures harvested in late cqxtnential irfiasc» indicating that 
the ligand-bound £ coS ceOs were structuraOy intacL 

Cdk expressing the 26- 10 scIV antibody in the periplasm could be 
enriched from a large excess of £ cob* transfonned with vector alone 
in a single nmnd of sotting. Specifically, LMG194 (pBAD30pclB- 

A B 

it SUjm 1 ISSm 



Figure 2. OpifirnizaOon of Vie peifplasndc expressfon screeiiing ^gn^ 
(A) Blect of rvperosrnolic shock on effideray ol bbeing of the 26-10 
scFveo(presscdfro>npH0guiflg6-1Oin£cftfy«^andbbeW 
1 h wfth 100 nM dlgQngeninWCXPY.The PBS ooncmalion. employed 
arid the ri>(Ban fluorescence pyiFU of the pcp u tatioris are showr^ 
expressirig unrelated aft9)0dkis (to alrazirie or l^yro{^ol)uln)tfKl 
under klentk:al oirkSions gave a of (data not shown). (B) Effect 
of mteceon with M13K0y on ttw fl u orescence signal detected in ABLEC 
ceOs labeled wkh 100 nM (Sgoxigenio^CXMPY in Sx P6& Cels we^ 
expressing edher an anfr^tiazine scFv (atr) or the 26-10 scf=v ((Sgi) using 
the powerM Ptoe prornoter and eirher left uninfected or infected (K07) at a 
nnil^^icity of inJectkm of 10 at 05 h pieimj^i^^ 
selection for phage iriBction w9h hanarnydri (7D pg/M). 
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%Manls wereisolalad by 60 nrin (601-60.4) ml 90 min (901-906) off-rale 
setoclion with ttie actual number of ideiilk:al ctanes 
No data. 



Dig) cdk were mixed with a 1 0,00Ofokl cccess of £ coif cont^nittg 
vector devoid of an scPv. insert (pBAD30). After fluorescence labd- 
ing and cdl sorting enrichment £ictors of over 1,000 fold per round 
were obtained (data not shown). Cefls expressing control scFv as 
opposed to empty vector were aUo unstained by the labding proce- 
dure (see below u)d Fig. 2). 

Antibody affinity maturatiotn using PECS. An affinity-in^roved 
variant oftbe26-10scFvcontainingthrccanuno add substitutions in 
heavy-chain CDRl (T30P» D31S» and M34Y) w ist^cd''. Iliis 
clone was des%nated A4-19. Using snr&ce j^asmon resohanoc, we 
determined the equilibrxum dissociation constant (X^) of dte pari* 
fiedl»n)onomeric A4-19scFv tobc 03nM OHnpared to 09 nM for the 
26-10 scFv parental antibody. Three ^bt-diain CDR3 lesidDes that 
inake contact with (Thi91,Pra^ or are in dose proDomity to (Val94) 
the digO(xin hapten*' were randomized using an NNS (S = G or Q 
strategy**. A h'brary of 10^ transformants was obtained in the 
pBADpdB veaor. The library was screened by two rounds of FACS 
using a law-throughput benchtop flow cytometer (Becton Dickinson 
FACSoftX In the first round of screenings the labeled cdls were 
washed once with PBS and sorted in recovery mode, which collects aD 
fluorescent events including drof^ets that contain bodk a nonfluorcs- 
cent and fluorescent partide. Operation in recovery noode oJlecu 
iiM>rc rare cdls at the expense of purity. The collected cdls were 
rcgrown, bbdcd, washed, and then incubated with a SO-lbld excess 
(5 pM) of fire digcodn for various times. Cdb that retained the 
defied levd of fluorescence were tsolated by FACS using exdusioo 
mode, which ensures a h^iher degree of purity by rejecting 
coinddem fluoresoott and nonfluoiescent events^ Five random 
dones from the ccfl population isolated following i ncub a tion with 
conqpetitor for 60 min and 13 clones from the 90 min pool were 
I»dEcd at raixk>m and sequenced (TaUe 1). The respective scFv aiiti- 
body protditt were purified by h6 affinity chromatography followed 
by gd filtration £»t-pcrfonnance fiqaid chroihatogra|^ (PTPVO, 
and the hapten-binding Idnctics of the monomeric scFv proteim 
were deterinined by surface pbsDKmrrvmamT, AD ri^scPvs exam- 
ined displayed assodation rate ffHwtaftts(0 indistinguishable from 
dK)SC of the stairttng A4- 1 9 anta>ody (09 ± 0 J2 X 1 0* M- V* ). TV 
of the clones iscrfated after 60 nun of onnpctrtion were the sanae as or 
faster dun that (^A4-19. However, two out of three clones isdated 
after a 90 min competition exfatbcted slower ksm values, w^ one 
done, 90.4, having a twofold skwer (fissodation rate constant result- 
ing in a of 150 pM.Thits, we could isolate a higlier affinity nnitaiit 
of an ant3x>dy that already exb3>ited a subnaiwmotar Xbby screcn- 
ittg a library of 1 0^ dones using only two rounds of raCS. 
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BgureaExamplesoftargeisvistafizedby PECa (A)F?iior(^^ 

tMK> separate TNB^pecak; scPvs (T1«tic ^Tr^ 

100 nM TNB-CyS conjugate. (P^ Ubeling of ceKs express^ 

longer oigonudeotktes were also used to fluorescence-^^ 
(atr), yieMmg profiles equlvatem to mat shovm for the 5me^ 
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Optimizatios of labeUng coiufitioiis and apf^catum to other la^ 
ands. To achieve c^nhnal citrkfament ratios dnrii^ library screening 
by PECS, it is in^rtant to obtain the maximum fluorescence sj^oal 
possible without ccmapromismg cell viability*^. The fiooresceot 
intensity of cdls cxpressii^ binding proteins in the pcn|rfasm and 
incubated with ligand concoatrations above the JCpwas fennd to 
depend on a number of pfaj^siological and genetic parameters^ A 
nilicant increase in fluorescence with concomitant letcntioii of cd 
viability was obser^ when the cdk were grown at 25'C. litde solo- 
bk sciV is produced at 37^ (e^ Fee 19)> and growth at sul7hysM>- 
logical temperatures generally enhances the yield of correctly folded 
proteins. Importantly, growth at 2S*C increases the permeability of 
the outer m^nbrane. in part because the cold-senative secretory 
pathway alters the membrane c(Hiq>o^tion^. 

Various E wH strains c:iq;>ressing the 26- 10 scFv exhibited signifl- 
cant differences with re^>ect to labeling with 100 nM d^codgcnin- 
BODIPY. For exainple» the commonly used library strains TG- 1 and 
HB2I51 di^plaj^ a mean fluorescence intciisity only threefold hj^ 
cr relative to the respective control cells containing vector alone. The 
h^cst signal (eightfold higher than the control) was obtained with 
E, co/tABLEC under a variety of induction regimes and growth cod- 
dition& In all media (L^ TB, 2x T)f). at afl ten^>eratures (2<r, 25», 
and 30^)» with aD combiiMtioas of temperature dufts upon induc- 



tion (3r-25». 5r-3(rc; no shift), and with aU levels of 
IPTG induction (10, 100, 1,000 |iM), ABLEC surpassed 
the other straths tested. 

Tbe ionic strci^h and conqmtion of the bufier used 
f<Mr l^>cling also had a pronounced effect on the mean 
fluorescence intcnrity of the cells (I^ 2A). Labeling in 
S-fold or 10-fold concentrated PBS resulted in a more 
uniform and highly fluorescent population. Labeling in 
5x PBS gave a peak-to-peak separation between control 
and 26-10 scPv-aq>res5ing ccBs of around 20-fold. Tlje 
ekvatcd salt concentration and osmotic pressure under 
these conditions may be disrupting d>e ordered nature 
of the fiporpt^ysaccharide layer in ihe outer memfaraitt» 
resulting in increased pcrmeabifity"^. Whereas 10!X PBS 
gave the highest mean fluorescence intensity, ceU viabili- 
ty (as judged by PI staining tended to be compromised; 
and so we typically used 5x PBS. The highest fluorescent signals were 
obtatiMd by (1) driviiig the crpressioo of scFv antibodies from the 
more powerful Ptn promoter; (2) uslog ABLEC as the host strain; 
(3) labeling in 5x PBS bu&r, and (4) infecting the ceBs with the fila- 
HKHtoas phi^c Ml 3K07 2B). Although pIH (a minor coat pro- 
tein) caressed in the abscxKe of other phage protdns has been 
shown to increase the permeability <^ tfo^ outer membrane^, over^x- 
preisston c^pni is extremelf toxic to the host celi^ espcdaOy when 
fosed to scFv (ret 24). Likewise, ahhoi^ rnutants (^the large aque- 
ous pore-fbrmii^ pIV have been shown to improve permeability to 
figarids above the 650 Da fimit^, its overeaqpresaon induces the 
phage shock response^, adversely affecting cell growth. Thus, 
ahbough phage infection rcsuhcd in the highest fluorescent intensi- 
ties without reducing cell viability, we generally avoided it because of 
much slower growdi of infected versus uniniccted ctSh, 

Using optimal corxlitioris, ceOs expressing scFvs in the periplasm 
comM be fluoresccntly stained with a variety of ligaiKls indudii^ 
smaH molecules* ol^onudeotides, or peptides with moJecular 
weights as high as 10,000 Da (F^ 3). For example Figure 3A shows 
the fluorescence (fistrflmtion of ceds esqvessing two diffierent scFv 
antibodies to trinitrobenzene (TNB) isolated from a naive library 
(A. Haybnrst, BJL Harvey, BX. Iverson, and G. Geofgiou, unpub- 
lished results). The cdls were stained with the fluorescent conlc^e 
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Ffgure 5^ Exanming ciones isolated by phage dtep^ 
foomosnx>lic shodc fluid of ABI£C containing pHBC wj^ 

{»led circles); positive control 26-10 (enipiyGff^ CtfMertedflted triangles); pan-dig2 

{inverled enip«y triangles); FACS*iSg3 (Oed squares). One^^^ 
isoialed from 20 rN OD tsiiis/cm at Am (or 100 )iO was twoloid ser^ 
(figaMgenifrOwabumin-ccatedELI^ 

these conditions.) (B)Vfost8m blot of dsrnotic stK>cl(ate ami spher^^ 
ol cnOs (the same sarnples used tor derivation of shockatss us^ 
HaOarnase (p-lac) serim (2) anii-aniinoglyooside phosphotra^ 
(3) aiiti-Ms^ serum (sdV). (1) and (2) were used as controls to deinonstrate the 
fraclionaikm. An!t$-rabt]ft4IRP (1 aiKl 2) and an6-nnouse4ff^ 

an!tSjo(fiKL(C^BIAoore analysis of 500 itMpuriiedfnoriorne^ and FACS-cfig3 scFv on a 

digopcin-BSA-<oujptedchipLSensorgrains were subtracted frorn a BSA M^ 
phage BJSA on digoodr>-owaR)urnin of cuAire superrtat^ 
negative control pHEN2.atr (IM circles); pHE»C2.26-1 p <enif)«y cir^ 

inverted friangles); pHEN2.p<an^Sg2 (empty inverted triarigles); pHENeJM0&dig3 (Med squares). 
Inlected ceis wef« grown with vigorous aeration at 25^ overr^ in g)ucose4re^ 
peDeiedl and too Ml of supernaiam twofold serially dMed. (hlo bindmg 10 ov^bu^ 
) 



cyanine 5^bimiK>pcntane-trinmobcnzcne (Cy5-DAP-THB), 
which is positively cbais^ ^ * im^ccular wdg^ of 953 Dai 
The best done (THBy) exhibited a nihcfold higher mean fioones- 
cence relative to celb cxpresaz^ the 26-10 scFv antibody that does 
not recognize the TNB hapten. Similarly, celk expressing a scFv spe- 
cific for a2l-mer peptide could be labded with the req>cctivc fluo- 
rescent peptide conjugate and affinity-matured using PECS 
(G. Chen. A. Ha^urst, BJL Harvey, BX. berscm, and G. Georgtou, 
unpoblisbed resultsX 

To evahiate die nsolecttlar weight limit for the difiusicm 
into tbe per^)iasmic space tinder the conditions identified above, we 
used a set of otigomideotides beariiig digoodgenin at one end and a 
fhiorcsccin isodiiocyanate (FITC) label at the other end. The 
(^gomidcotides were synthesized using phosphozothioate finlcages 
to iniiiimize degradation by nucleases and consisted of 5 Da)» 
10 (4397 Da), or 20 (SJ27 Da) adenosine residues. Upcm incubation 
with 100 nM probe, negative ccmtr<rf cdk estpressing a scPv to the 
unrelated hapten atrazinc^ showed background fluorescence distri- 



btition (mean fluorescence intensity -6) irre- 
spective of the ^ of the probe. In contrast, 
cells expressing the 26-10 scFi^ which binds to 
dse digoodgenin mdcty of the oligonodeotkles, 
exhibited 5-fold, iS-fM, and -2-^ greater 
fluorescence than the control when labeled 
with the 5-mer, lO-mcr, or 20'mer, re^)ectivcly 
(Fig. 3B). Presumably, as the size and charge of 
the otigonudcotidcs increase, vre are reaching 
the limits on outer membrane permeability 
under the conditicms we used. It should be 
noted, however, that in our hands a twofold flu- 
orescence difference stiQ allows resdution and 
sorting of populations. 

AinAysts and screening of phage Q>nines by 
FACS. W( have found that FACS can be used to 
is(^te ligand-binding protons firom existing 
13>rar}es constructed for display on bacterio- 
phage. This is very usdut, because the constnic- 
tiOD of highly diverse libraries dSe novo is 
technically demanding Phage-diq>iayed 
libraries are amenable to soeentng by PECS 
because, daring biogenesis. pIII fusions 
are first targeted to the periplasm and anchored 
onto the inner membrane by a small Otpminal 
portion of pin (re6 28,29). In the most widely 
used vectors for phage di^lay, an amber oodoo 
is placed between the N-terminal $^ ax>d the 
pin gene. Thus, as a consequence of inefficient 
amber suppression, aD fibraries containing 
amber codons give some per%>lasmic cxprcs- 
^on of the proteins not fused to pllt 

Conventional phage panning of a widely 
used semisynthetic h*brary (Griffin. 1 ) success- 
fiitlf enriched digoxin-binding phage (Fig. 4A, 
B). Pans 3 and 4 had 0/48 and 28/48 positives, 
re^>cctively, as judged by monoclonal phage 
enzynne-Iinked immiinosorbent assay 
(EUSA). IWenty-four positive clones from 
pan 4 shared the same DHA fingerprint. DNA 
sequencing of six isolates confirmed the 
presence of a single heavy- and light-chain 
UvaSLy used (VH5 and VXl). One clone was 
represented five times (**pan-digl*), whereas a 
second was found once ("pan-digZ^. 
^AItatiom re^nsible for differeiKes between 
pan-dig] and pan-dig2 were in HCDR3 (P97r, S98Y), LCDR3 
(R95aP,A9SbR,V96-),andLFRl (UV). 

The phage pc^mbtum from each round was used toinfca ABLBC 
Upon labding widn dSgooclgenin-BODIFX the cell popubtions from 
each round dis{^ayed fluorescence dtstributions consistem with the 
corre^KMidjng ph^ EUSA signals (compare Fig 4A and Q. 
Signifibanl enriduncnt of binding clones in a single round of PECS 
wasoblained with ccfl populations infected with phage from the thi^ 
and fourth rounds of pajmii^ llie fourth round yielded 7/8 pootive 
for h.i^>tcn.binifing by FACS, an doocs being idoitical to pan^l. 
Although the third round yidded 5/14 FACS positives, 3/5 encoded a 
novd scFv, designated *'FACS-dig3* (flie icmainii^ 2/5 were pan- 
digl). Hiis done exhibited a completely diflcrent DNA fingerprint 
compared to the doitts isc^cd by panning Sequencing revealed a 
difecnt heavy chain (VH3) and minor variatioBS in LCDIU (R95aG, 
A9SbG, V96P) relative to pan-digl. Important^, the FACS-dig3 DNA 
fingerprint was never detected in two separate f^ge panning cxperi- 
nKnts inw^vittg the aiialysis of over 350 phage clones fio^ 
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4, and 5 (those that exhibited a positive signal by conventional mono- 
clonal phage EUSA being fingerprinted). Thm» FACS-dig3 repfescnts 
a library done that could apparently only be identified by P£CS» pre- 
sumably for the reasons dct^led bdow. 

The pan-digl, pan-dig2, and FACS-dig3 scFvs were e3q>re$sed in 
ABLEC tmder identical conditions. Cells expressing pan-dig2 gave 
no FACS signal, whereas pan-digl and FACS-dig3 gave a comparable 
fluorescence signal (mean fiuoresccnce intensities of 54 and 42> 
respectivdy). In EUSA assays of pcriplasmic (osmotic shock) frac- 
tions, pazwligl gave a signal comparable to the 26- 10 scFv antibodf 
and FACS-dpig3 gave a weak signal, whereas pan-dig 2 gave no signal 
(Fig. 5A). Sodium dodccyl suUate-polyacr^unide gel electrophore- 
sis (SDS-PAGE) and western blotting of the same sbockate samples 
used in the EUSA revealed that die absence of an H^ISA signal by the 
pan-dig2 done was due to the exclusive accumulation by the respec- 
tive scFv protein in an inst^k form in the ccQ. The pan-digl scPv 
accumulated at moderate levds in the pcriplasmic fractton, whereas 
the done isolated only by PECS (FACS-dig3) was expressed extreme- 
ly weD ami was folly sohible (F^ SB). BIAcore analysis of purified, 
monomeric digl and dig3 scFv protein (Fig. SC) indicated that the 
latter exhibits a £Kter hapten dissociation rate. This finding is consis- 
tent with the loFwcr signal observed by phage EUSA widlk the FACS- 
dig3 done (Fig. 5A). These results suggest that (1) PECS can CMsly 
sdect dones that exhibit at least a threshold of soluble protem 
expression in bacteria. Such dones are, of course, most desirable hr 
protein en^neering applications. (2) Both low- and high-a£Bnity 
binders can be isc^cd by a single PECS setups In contrast, with 
phage display, higher afiinity binders are isolated bf monovakot 
(gene III) diq;^ whereas knvcr affinity binders generally require 
polyvalent (gOK Vin) di^>lay. By not rel)di% on diq;>lay and ads<^ 
tion for sdection, PECS most likely avoids "avidity effects* that often 
hamper concise phage sdections> 

To analyze why the FACS-dig} done was missed in the panning 
experiments, pH£N2 beariz^ die aHTe^>onding gene was moved 
into TG-I cells. TG-1 cells transformed with pfaagemids encoding 
pan-digl, pan-dig2, FACS-dig3, 26-10 as a positive control, and the 
anti-atrazine scFv as a negative control, were in£ected with helper 
phage and incubated cvcmig^ at 25°C Rescued phage were then 
anabwd by EUSA (Fig. 5D). FACS-dig3 gave a lower monoclonal 
phage EUSA signal, iiMlicating that, when csqprcssed as a fosion to 
pni, either phage growth or hapten binding is impaired. Imeresting^, 
a similaily kiwd- ELISA signal was also obtained with the 26-10 scPv; 
even though the btter is well expressed and possesses a h^ hapten 
affinity. Tbus, whereas FACS-dig^. and for that matter dones express- 
ing the 26- 1 0 scPv, bind to hapten and arc enriched, they are ultimate- 
ly missed because they give a low phage EUSA siffnal 

Coodustons. PECS h based on the observation that, tmder certain 
experimental conditions, fluorescently tagged tig^nds induding sfo- 
thctk smaH molecules, peptides, and ol%onudeotide$ can permeate 
the bacterial outer membrane and become selectively concentrated 
when bound by a receptor protein within the pcriplaan. Fhioresccnt 
celts can then be isolated by flow cytometry*-'^. 

The finding that large figands can be made to diffuse through the 
bacterial outer membrane without significant loss of proteins from 
the periplasm b surprising, bm not unprecedented. In feet, there 
exist physiological mechanisms whereby proteins (e.g.> colidns) aitd 
evai very large complex structures (tg^ filanaentous i^ge) can 
cross the outer membrane in a highly selective manner. Thus, with 
fizrther optimization, PECS might be used to screen for binders to 
larger ligands than those studied here. The system couM also be 
applied to imcleic add-btnding proteins, potentially ovcrcomii^ the 
tODddty of these proteins when expressed in the cyt<^lasm ofEcoB 
by other directed evdution methods. 

In thb report, we have shown that PECS can be used to isobte 



binders with subnanomolar rftssodation constants. Importantly, 
cxisttngphage display libraries can be screened by PECS. Qones that 
would have been missed by standard panning and screening 
approaches, particularly very weflrcxpresscd dooes, are readily iso- 
lated in this manner. By definition, PECS selects only for dones that 
exhibit good expression characteristics in the host. Vk are currently 
using PECS for the isolation of scFvs to smaH mt^ecoles other than 
digoodn, for the affinity maturation of anti-peptide antibodies, aiKi, 
finally, for esqpression matoratitm of toxic or aggregation-prone pro- 
teins (A. Hayfaunft» BJL Harvey, Bi. hferson, and G. Geofgipa» 
unpublished results). Finally, it should be noted that the work 
desa3)ed here was performed usii^ a low-tbroughput bencfatop 
flow cytometei; With a faigh-tlmmglqmt flow cytometer (e.g., a 
Cytomation MoFfo) or pcriiaps by employing highly paraDd 
microfluidic sorters'*, it will be possible toscrecn very large libraries 
ittchidiiig mammalian comploncntary DHA libraries and nvve 
antibody repertoires. The screening of such librarks can be pcr- 
fomtcd iising repeated rounds of PECS without intermediate am]^* 
ficatibns of the sorted cdb, thus affordii^ s^nificant timesaving 
over i^ge pannii^ 

Experimental protocol 

FhwfcsccBt probes and qm jn ga t riL The sj^ntbesis of digooc^in-BODiPY 

bas been described'^. The fiooresoeni con^igs^ 

C75 (Ameisham Phannada, Piscataivayv Nl). <^ 

vreK inade by coanbiniBg lOO-bM molar ez^ 

BSA. allowing the inixtoie to fcaaal room tcrop cfinii efi^ 

Ijrziag cxtoksively against PBSw l>boq)hoiodmnle finkage oKgO Pu deotides 

bearing a 5'-digaxigenin ester and a J'-FITC were from Integrated DMA 

Technologies (CorahnDe, lA) and supplied at leveisc-pliase hi^ 

pcf f or man cc Bqiiid diromatognpbjr (RP-HPtC) purity. 

StnbazndfAasaud*. EsdierkhhcoGiinam 

the Griffin lanary. EscActxAm aifi ABLBC was p^^ 
(La loBa, CAX and bdper phage M13K07 was pmdused from Amersfaam 
Pharnada. Escheridna €oB LMG194 (am-) and phsmtd pBAD30 gHb 
from )on Bedcwith. Pbsmid p£T25b was from Nova^ (Madison» WI). 
loformatiott on the constnictioa of expression vectors and restriction maps 
of die phsiinds used in this work can be provided by the authors upob 
request 

Affinity m a l uiali on of the A4-19 scFv. A a>rary of 10^ transformants in 
whidi LCDR5 restdoes Thr9n >^I9«, and Pro96 in the A4-I9 anti-digoann 
scFr bad been randoimzed using synthetic oGgDmideotides* was created. 
The cdb were grown at 37^ overnight and wot then sobcuhored in feb 
toria-Beitani (JLB) me<fittm and grown at 2SX for 2 h. Hie ceHs were 
indoced with 0.2% ardtnnose for 4 h and then were incubated with di^^ 
grimKBODIPY (100 nM) for I h. After wasfamg once in PBS boffin labeled 
cefls woe sorted on a Bccton Diddnsoo FACSoit (San |ose»CA).The ceBs 
were first sorted in reoyycry mode» coQected in PBS and nobsec^ 
hnoSOCmcdioro for amn%ht growth at 37*C The daotedcefls were grown 
at 25X and indixcdwidiaiabinose for 4 h. The ccOsweie labeled with 100 
dM prober then incubated widi 5 |tM of unhbcleddigosdn for between 15 
and 90 nm and sotted in c3Ec^ioi> mode. Again, the cclb were gnm 
oinerB^ht at 37X: aiid individpal dones snbseqiientlfsel^^ 
<filDtions of the saturated culture^ 

Surboe pbsmon resonance. Ihe association oonsonts of sdHr niDtantt were 
measured acconfing to die method of Oien et aL° osii% a BIAcore 1000 



PECSOp timf r ttion Anafapaotof ABIBC bearing d>e done of interest was 
scraped from a glycerol stodt into I nd of 2x TY (2% ^ocose^ 100 pgfnd 
ampic3Kn) to obtain an OD^of M>.I.Aficr2 h of growth at 37*C with vi^ 
ow shafcng,$cFv expression was iiKhicedvrrth I noM bopropjrl-^-D-galacto- 
side (nnGX and the ailtore was bansfbred to 2SX for 4 b. Fifty miaroKtcfs 
of cnhnre were bbdcd with lOOnMof Soorcsoentprobein J-mlof IxPBS 
( 10 mM NazHPO«. I .S rnM UlzPOw 2:7 mM lOa 137 mM NbO), 25x ^ 
5x PBS» or l(kx PBS for 1 h at rocmi tempciahire with iDoderate agitation. For 
the bit 10 tnin c>f labeling PI was added to 1 fi^ml Cdb were pdktcdriCHis- 
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penddl HI iOO pi of the same tofiier» ami the fhioresoikce 

events wcKS analyzed 31 -ISOO «m the FACSoiLThe analyss ofTNB-CyS 

conjD^ was done on a MoHo (Cjrtoinatioii^ Fort CoOioSp CO). 

Iliage ponmigcnlFACS sorting of phage QwariesL The G Ebrarywas 

icsaied ^ sufcyected to five roonds of paimmg esseiuiaBf ac^^ 

website tnstfoction manoal 0ta^fynnijntc<ptx2mxjMfhtg^^ 

lamKiiX)tubes were coated 10 |igM con>^ overa^ 

CMbopatcUifapH93.R>Bowmgcacfapan>rf)eneot^ 

atn wctc bahed and used to inta cither 1 fiv the next roand €f ABL^ 

lACS analysis. Ehitte then woe fXKmiCcnd to m<fic^ 

pha^ fihiary sorting, tlM cclk weic gvowD m terrific bn>th, ind 
with 0.1 mMtPia and labeled with 100 nM probe in 5x PBS. Sorting was 
pcrfonned in eickisioo mode on 1 0^ events ( 1 Of' for nmnd 2) 
IjbOO cvcDts/Llhe coBeaed sort st^ution passed dnoogb 02 |un ■ncm- 
btane mtess (MiB^pore Corporation, Bedford, MA), and odb wirt^ 
filters were aSovml 10 grow after ptaceriient on SOC ag^ phis ^)propri^ 
andnotics at 3(rC for 24 h. 

Ainlrsb of FH^SHSobtedcloficsftoin phage B»rarie& 

tion and western Uoding was pcrfbrined according to Hayt^^ 

A lOplafiqiiotfioma I nd fraction derived firom 20 ndODimto/csn at Ao* 

wasckctrtqiiorcsed on a 12% Ucriunfi gd uai^ die BiO-IUd (H^ 

imm-protcan ceB. Samples were ekctroblottcd to Immobaoo P (Mi%oic) 

and probed with rabbit anti-^bctamase or anti-APH-11 sera (5 prime-} 

prime, Bonldcr; CO) folkywed by anti-rabbit hofscratfisb pcrow^ 

amjogite (Bio-Rad). ScPr proteins were delected using moose anti-His6 

(Si^na» Sl toma; MO) fioDowed by anti-moose HRP (Bio-ltad). Detection 

was carried ont osbg SoperSignal West Pico c hr i nilii i ni n r Kent substrate 

(iSerce, Itoclcfbrd, IL).HiSA was dom on 100 |d of periplasmk fr^^ 
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3 entries found for DIFFUSE. 
To select an entry, click on it. 



diffuse{1 .adjective] 

diffuse[2,verb] 

diffuse-porous 



Main Entry: ^diffuse 
Pronunciation: di - » f yuz 
Function: verb 

Inflected Fomi(s): diffused; dif-fus-ing 
Etymology: Middle English diffused, pp., from Latin 
diffusus, past participle 
transitive senses 

1 a : to pour out and permit or cause to spread freely b : 
EXTEND y SCATTER c : to spread thinly or wastefully 

2 : to subject to diffusion : especially : to break up and 
distribute (incident light) by reflection 
intransitive senses 

1 : to spread out or become transmitted especially by contact 

2 : to undergo diffusion 

- dif-fus*ible ♦) /di- ' fyu-z&-b&:i/ adjective 

For More Information on "diffuse" go to Brltannica.com 
Get the Top 10 Search Results for "diffuse" 
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Definition 

diffuse [Show phonetics] 
verb [I or t] 

1 to (cause something to) spread in many directions: 
Television is a powerful means of diffusing knowledge. 



2 to (cause a gas or liquid to) spread through or into a 
surrounding substance by mixing with it: 

Oxygen diffuses from the lungs into the bloodstream. 

The drop of red dye diffused slowly in the water. 

diffuse [Show phonetics] 
adjective 

1 spread out and not directed in one place: 

a diffuse light 

The company has become large and diffuse, 

2 DISAPPROVING not dear or easy to understand: 

a diffuse literary style 



diffusely [Show phonetics] 
adverb 



diffuses diffusor [Show phonetics] 
noun [C] 

a device which is used to make light less direct, especially 
one used with a fluorescent light 

diffusion [Show phonetics] 
noun [u] 

the process of diffusion in gases/liquids/solids 

(from Cambridge Advanced Learner's Dictionary ) 



^Related sites from Cambridge: Cambridge Popular 
Science - Explore Tomorrow Today 



http://dictionary.cambridge.org/define.asp?key=2 1 665&dict=CALD 
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